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INSULATORS FOR HIGH DENSITY CIRCUITS 



Field of the Invention 
This invention relates to high density integrated circuits, and more particularly to 
insulators used in high density circuits. 



Silicon dioxide is the most commonly used insulator in the fabrication of 
integrated circuits. As the density of devices, such as resistors, capacitors and transistors, 
in an integrated circuit is increased, several problems related to the use of silicon dioxide 
insulators arise. First, as metal signal carrying lines are packed more tightly, the 
capacitive coupling between the lines is increased. This increase in capacitive coupling is 
a significant impediment to achieving high speed information transfer between and 
among the integrated circuit devices. Silicon dioxide contributes to this increase in 
capacitive coupling through its dielectric constant, which has a relatively high value of 
four. Second, as the cross-sectional area of the signal carrying lines is decreased for the 
purpose of increasing the packing density of the devices that comprise the integrated 
circuit, the signal carrying lines become more susceptible to fracturing induced by a 
mismatch between the coefficients of thermal expansion of the silicon dioxide and the 
signal carrying lines. 

One solution to the problem of increased capacitive coupling between signal 
carrying lines is to substitute a material for silicon dioxide that has a lower dielectric 
constant than silicon dioxide. Polyimide has a dielectric constant of between about 2.8 
and 3.5, which is lower than the dielectric constant of silicon dioxide. Substituting 
polyimide for silicon dioxide lowers the capacitive coupling between the signal carrying 
lines. Unfortunately, there are limits to the extendibility of this solution, since there are a 
limited number of insulators that have a lower dielectric constant than silicon dioxide 
and are compatible with integrated circuit manufacturing processes. 

One solution to the thermal expansion problem is to substitute a foamed polymer 
for the silicon dioxide. The mismatch between the coefficient of thermal expansion of a 
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metal signal carrying line and the coefficient of thermal expansion a foamed polymer 
insulator is less than the mismatch between the coefficient of thermal expansion of a 
metal signal carrying line and the coefficient of thermal expansion of silicon dioxide. 
Unfortunately, a foamed polymer has the potential to adsorb moisture, which increases 
the dielectric constant of the foamed polymer and the capacitive coupling between the 
metal signal carrying lines. One solution to this problem is to package the integrated 
circuit in a hermetically sealed module. Unfortunately, this solution increases the cost of 
the integrated circuit. 

For these and other reasons there is a need for the present invention. 



The above mentioned problems with silicon dioxide insulators and other problems 
are addressed by the present invention and will be understood by reading and studying the 
following specification. 

A conductive system and a method of forming an insulator for use in the 
conductive system is disclosed. The conductive system comprises a foamed polymer 
layer formed on a substrate. The foamed polymer layer has a surface that is hydrophobic. 
A plurality of conductive structures are embedded in the foamed polymer layer. 

An insulator is formed by forming a polymer layer having a thickness on a 
substrate. The polymer layer is foamed to form a foamed polymer layer having a surface 
and a foamed polymer layer thickness, which is greater than the thickness of the polymer 
layer. The surface of the foamed polymer layer is treated to make the surface 
hydrophobic. 



Figure 1 A is a perspective cross-sectional view of one embodiment of a 
conductive system of the present invention. 

Figure IB is a enlarged view of a section of the foamed material of Figure 1 A. 

Figure 2 is a perspective cross-sectional view of one embodiment of a plurality of 
stacked foamed polymer layers formed on a substrate. 
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Figure 3 is a perspective view of one embodiment of an air-bridge structure 
suitable for use in connection with the present invention. 

Figure 4 is block diagram of a system level embodiment of a computer system 
suitable for use in connection with the present invention. 

retailed T> grriptinn n f the. Preferred Embodiments 
In the following detailed description of the preferred embodiments, reference is 
made to the accompanying drawings which form a part hereof, and in which is shown by 
way of illustration specific preferred embodiments in which the invention may be 
practiced. These embodiments are described in sufficient detail to enable those skilled in 
the art to practice the invention, and it is to be understood that other embodiments may be 
utilized and that logical, mechanical and electrical changes may be made without 
departing from the spirit and scope of the present inventions. The following detailed 
description is, therefore, not to be taken in a limiting sense, and the scope of the present 
invention is defined only by the appended claims. 

Figure 1A is a perspective cross-sectional view of one embodiment of conductive 
system 100. Conductive system 100 includes substrate 103, foamed material layer 106, 
conductive structure 109, and conductive structure 112. Foamed material layer 106 is 
formed on substrate 103, and the plurality of conductive structures, conductive structure 
109 and conductive structure 1 12, in one embodiment, are embedded in foamed material 
layer 106. 

Substrate 103 is fabricated from a material, such as a semiconductor, that is 
suitable for use as a substrate in connection with the fabrication of integrated circuits. 
Substrate 103 includes doped and undoped semiconductors, epitaxial semiconductor 
layers supported by a base semiconductor or insulator, as well as other semiconductor 
structures having an exposed surface with which to form the conductive system of the 
present invention. Substrate 103 refers to semiconductor structures during processing, 
and may include other layers that have been fabricated thereon. In one embodiment, 
substrate 103 is fabricated from silicon. Alternatively, substrate 103 is fabricated from 
germanium, gallium-arsenide, silicon-on-insulator, or silicon-on-sapphire. Substrate 103 
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is not limited to a particular material, and the material chosen for the fabricate of 
substrate 103 is not critical to the practice of the present invention. 

Foamed material layer 106 is formed on substrate 103. Foamed material layer 
106 includes surface 115, foamed thickness 118, and foamed section 121. In prepanng to 
form foamed material layer 106, an unfoamed material layer is applied to the surface of 
substrate 103. In one embodiment, the unfoamed material layer is applied using a 
conventional photoresist spinner to form an unfoamed material layer. In one 
embodiment, the unfoamed material layer is fabricated from a polymer, such as 
polyimide or parylene containing silane, that is capable of being foamed to a foamed 
thickness 118 of about three times the starting thickness of the unfoamed polymer layer. 
Alternatively, the unfoamed material layer is a gel, such as an aerogel, that is capable of 
being foamed to an foamed thickness 118 of about three times the starting thickness of 
the unfoamed gel layer. In still another alternate embodiment, the unfoamed matenal 
layer is formed from a material that has a dielectric constant of less than about 1 .8 after 
foaming and contains silane. After curing, the thickness of the unfoamed material layer is 
preferably between about .6 and .8 microns, which is less than foamed thickness 118. If a 
final thickness of the foamed material of 2.1 microns with a dielectric constant of .9 is 
required, then a thickness less than about 0.6 microns may result in insufficient structural 
strength, to support the conductive structures 109 and 112. A thickness of more than 
about .8 microns would result in a higher than desired dielectric constant. 

After the unfoamed material layer is applied to substrate 103, an optional low 
temperature bake can is performed to drive off most of the solvents present in the 
unfoamed material layer. If needed, the unfoamed material layer is cured. If the 
unfoamed material layer is formed from an organic polymer, such as a polyimide, a 
fluorinated polyimide, or a fluro-polymer, curing the organic polymer results m the 
organic polymer developing a large number of cross-links between polymer chains. A 
variety of techniques are available for curing polymers. For example, many polymers are 
cured by baking in a furnace (e.g., at about a 350° Centigrade (C) to about 500° C )) or 
heating onahotplate to the same temperatures. Other polymers are cured by exposing 
them to visible or ultraviolet light. Still other polymers are cured by adding curing (e.g. 
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effective,, cured using a process having a phoatity of operas. For example, a cunng 

range of temperatures of between about .00' C and about 125° C forabou •» — 
processing a. about 250" C for about 10 minutes, andprocessmg a, about 375 C for 

Pta ^I fl . d -^,oconve rt a, 1 eas t apo rti onof.eunfoa m e d 

" (and I referred to as a supercritical fluid) when it is subiected to a combtnation of 
Idgass.tecoexisO.Awidevarie^ofcontpoundsande.ernentscanbeconverted.o 

ft. supercritical state foruse in forming foamed material layer 106. 

Prefers the supercritical fluid is selected fern the group compr*mg a— 
(NH,) an amine (e.g., NR S ), - alcohol (e.g., ROB), water (H Q), carbon dtoxtde (COJ 

L (HF) hydrochloric acid (HC1), or hydrobromic acid (HBr,), boron tnchlond (BC,,), 
TrJorte (Cll fluorine (FJ, oxygen (OJ, nitrogen (NJ, a hydrocarbon (e.g„ methane 
(CH.,, ethane ( CA ), propane (W, Xylene (ftHJ. etc), dimethyl car onate 
COOCH,),), a fluorocarbon (e.g. CF. C.F., CH.F, etc.), hexfluoroacetylacetone 

atmospheres, and a low critical temperature of about room temperature ,s used as *e 
Upercntill fluid. Fmm er, i, U preferred that *e fluids be nontoxic an nonflammable. 
to addition, me fluids should no. degrade the properties of Are unfoamed matenah 
Lferably the supercritical fluid is CO, because i, is relatively inert wtth respect to most 

v j u * 1 1 o r resnectivelv it is in the supercritical state. 
7.38 MPa (72.8 atm) and about 3 1 C, respectively, 
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118. Generally, hamber ^ elevated above the temperature and pressure 

pressure of the processing chamber are 

thermal treatment,^., a » depreS survzation to ambient pressure 

■,„./nn-!sure difference between the processing cnaw 
and the temperature/pressure dtrte rombinat ion used depends on 

environment. The specific time, temperature, and pressur 
ta diffusion rate of the gas through the materia, and the thrcbtess of the layer 

matelia1 ' „ . , < ru 356 Supermicrocellular Foamed Materials, Daniel F. 

United States Paten. ««» ^ ^ Foamed 

rehares^bleforusehtco— .represent — 

d to a methane gas which has been passed through a plasma formmg 
making surface 115 hydrophobic. 
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,„6ofF,l 1A Foamedsectton 12, isaoros^tionaiviewofapluraUtyof e..s 
" IZ, 1 ,3, has cell si Z e ,33. The plurality of cells «« - - ^ 
^nctive structure 109 and conductive structure 1 12 of Figure 1 A. 

. ,^ o ii» v .ri06 to one embodiment, patterns ioruuu 5. 
surfacellSoffoamedmatenallayerlOo. in wm Alternatively, two levels 

ffld channels are formed in the resist using a gray mask pattern. Alternate y 
fnhotoproeessingare used ,0 define the patterns. After photoprocessmg, holes and 

tungsten or an alloy of aluminum, copper, gold, silver, or tungsten of 
n^ssarytobuUdacompletewirmgstructttre. ^ 

. 119 k increased Second, the surface of foamed polymer layer 106 
SS^nl. — rroma—g^e^eesoffoamed 
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, • *tem 200 Multilayer conductive system 200 includes substrate 203, 
conductive system 200. Multuay 

ib^^^^^^^^^ and227 poamed 
919 215 and218 and second level conductive structures 221, 224, and 227. 
212, 215, and 218, an ^ . g ^ Qn 

material layer 206 is formed on substrate 

on* First level conductive structures 212, 215, ana zio ^ 
foamed material layer 206. first levei 

a ooT arP embedded in foamed material layer 209. 

203 is fabricated fro- the same materials used in the fabrication of substra 

F ^L>eve,conduc„vest— 

formed using conventional integrated circuit manufacturing processes Second level 
formed usrng embodtel ent, are formed usmg the dual 

conductive structures 221 and 227, in ^ "Process for Fabricating 

damascene process. The dual damascene process ■ described tn Pro^s fo 

rrcnin and Pei-ing P. Lee, United States Patent 4,962,058, October 9, 1990, and ts 

fabricating multi-level interconnect stmctures in integrated cm»K. 

Fi gure 3 is a perspective view of one embodiment of air-bridge struck 30 

WM chi 

• 119 lis 318 and 321. Electronic devices 312, 315, 3is,«mu 
electronic devices 312, 315, its, anu j*. 
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303 is fabrics from the — — * — * * M 

• j ■ <»c ^1 R and 321 and electronic devices 312 and 3ix me 
bandwidth is increased tether by treatogme 
309 to make then, hydrophobic, h, one embodtmen. a method 

... 300 and 312 comprises creating methane radicals by passmg 

air-bndge structures 309 and 31 V ^ ^ rf 

memanegasmroughaplasmaformmg C «^ dH ^ ^ te surfaces 

ino onH^I 2 to the radicals. The UH 3 radical 
air-bridge structur .309 .-3 « » bi , Altemativ e,y, 

coniuncttonwith^,.^ 

r o mess information, data information, and contro, informal are 
by processor 405, address mro ,« 440 and 445 This information is 

provided to memory device 410 through busses 435, 440, and 445. 
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decoded by addressing circuitry 420, including a row decoder and a column decoder, and 
read circuitry 430. Successful completion of the read operation results in information 
from memory array 415 being communicated to processor 405 over data bus 440. 

An insulator for use in high density integrated circuits and a method of fabricating 
the insulator has been described. The insulator includes a foamed material layer having a 
surface treated to make it hydrophobic. The method of fabricating the insulator includes 
forming a material layer on a substrate, foaming the material layer to form a foamed 
material layer, and immersing the foamed material layer in a plasma of methane ratals 
to make the surface of the foamed material layer hydrophobic. 

Although specific embodiments have been illustrated and described herein, it will 
be appreciated by those of ordinary skill in the art that any arrangement which is 
calculated to achieve the same purpose may be substituted for the specific embodunent 
shown This application is intended to cover any adaptations or variations of the present 
invention. Therefore, it is intended that this invention be limited only by the claims and 
the equivalents thereof. 
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